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ADDRESSABLE OPEN CONNECTOR TEST CIRCUIT 

This invention relates generally to diagnostic systems for networked electronics 
and more specifically to diagnostic systems for electrical connections in networked 
electronics. 

BACKGROUND 

Modern electrical systems employ networks to reduce the number of conductors 
needed to implement ever-increasing electrical functionality. In a typical networked 
system, a central application computer executes a software program to implement a 
particular function. The application computer receives input data from a number of input 
sources such as switches and sensors. The software program then evaluates the input 
data and thereupon makes a determination to effect an output. The output is then 
converted to physical action by an output device such as an electrical motor or lamp. 
Communication between the input sources, application computer, and output devices 

takes place over the network. 

In the event of a breakdown of a component in the networked system, a technician 
must generally be employed to find the cause of the breakdown. In making a diagnosis, 
the technician often relies on diagnostic routines contained in the software program and 
executed by the application computer. These diagnostic routines often execute under the 
assumption that the network wiring connection is intact between the application computer 
and the related input sources and output devices. If the wiring connection is intact, the 
control computer almost always accurately diagnoses the source of the breakdown and 
the technician is likely to effect repair in a single attempt. If the wiring connection is 
broken however, or only intermittently closes the requisite electrical connection, the 



1 



( Attol. y Docket No.: P705530/US/1 

control computer is likely to arrive at an erroneous conclusion as to the cause of the 
breakdown. In this case, the technician will be led by the control computer to 
erroneously replace an input source or output device. After erroneously making the 
replacement the technician will then discover the system remains in a state of disrepair. 
The technician is then left to traditional tools and problem solving methods to discover 

the broken wiring connection. 

Therefore, a diagnostic arrangement is needed for determining whether the wiring 

connections are intact in a network system. 

SUMMARY OF THE INVENTION 

Accordingly, a diagnostic arrangement is provided in accordance with the present 
invention for determining whether the wiring connections are intact in a network system. 

In accordance with one aspect of the invention, an open-circuit detection 
apparatus is provided for detecting whether a connection is closed between a local node 
and a remote node. 

In accordance with another aspect of the invention, a method is provided for 
determining whether a connection is closed between a local node and a remote node. 

Further areas of applicability of the present invention will become apparent from the 
detailed description provided hereinafter. It should be understood however that the detailed 
description and specific examples, while indicating preferred embodiments of the invention, 
are intended for purposes of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become apparent to those skilled in the art 
from this detailed description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a network system in accordance with the present invention; 
FIG. 2 depicts a detailed schematic of the ping source and a test circuit of FIG. 1; 
FIG. 3(a) and 3(b) depict state diagrams of the invention; 

FIG. 4(a) and 4(b) depict voltage waveforms related to a closed wiring connection 

in accordance with the invention; and 

PIG. 5(a) and 5(b) depict voltage waveforms related to an open wiring connection 

in accordance with the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Turning now to FIG. 1 a network 10 is shown. While not to be construed as 

limiting, the network 10 can be a control arrangement for a motor vehicle. A controller 

20 communicates with a controller node 15 via a controller line transceiver 70. A power 

source 45 is provided to energize the transceiver 70. The controller node 15 is also 

common to a line transceiver 50, a ping source 40, and connectors Jl, J2 and J3. Each of 

15 the connectors Jl, J2, J3 operate to electrically connect an object node 25a, 25b, and 25c, 

respectively, to the network node 15. Each object node is also common to a test circuit 

and an object. Therefore, by way of example, object node 25a is common to Jl, Test 

Circuit 30a, and Object A 35a. Each object 35a, 35b, and 35c may be an input, such as a 

switch node or a sensor node, or an object 35 may be a load, such as motor node or lamp 

20 node. Each object 35a, 35b, and 35c communicates with the controller 20 via its 

associated object node 25a, 25b, and 25c. Each test circuit 30a, 30b, 30c is connected to 

an object node 25a, 25b, 25c and operates to substantially change the impedance of its 

associated object node 25a, 25b, 25c in response to receiving a unique address from the 
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p in g source 40. The ping source 40 transmits an address unique to one of the test circuits 
30a, 30b, 30c, and subsequently senses the impedance of the object node 25a, 25b, 25c, 
associated with the addressed test circuit. For example, to diagnose connector J2 the ping 
source 40 transmits an address unique to -test circuit 30b. In response to receipt of its 
5 unique address, test circuit 30b substantially changes the impedance of object node 25b. 
The ping source 40 detects the substantial change in impedance thereby indicating that 

connector J2 is closed. 

A mission manager 55 executes the method of the instant invention, which is 
discussed later. The mission manager 55 communicates with the controller 20 and 
10 objects 35a, 35b, 35c via mission line transceiver 50. The mission manager 55 also 
communicates with the ping source 40. A power source 45 is provided to energize the 
ping source 40 and mission line transceiver 50. The mission manager 55 cooperates with 
the ping source 40 to determine whether connections Jl, J2 and J3 are closed. 

Turning now to FIG. 2, a detailed view of the ping source 40 and a single test 
15 circuit 30a is shown. It should be noted that test circuits 30a, 30b and 30c are identical in 
function with the exception that each responds only to a unique address, as is described 
later. Mission manager 55 employs a suitable means, such as detecting a "QUIET 
MODE" message from the controller 20, of sensing when the network node 15 is 
expected to be free of communication traffic. At the time the network node 15 is free of 
20 communication, the mission manager 55 instructs the ping controller 140 to emit a stream 
105 of n bits ( shown in FIG. 3(a) ) from the output 65. The n bits represent a unique 
address of object node 25a. A buffer 60 amplifies the n bits for transmission on the 
network node 15. The bits travel across the network node 15 to an address decoder 100 
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via the connection Jl and the object node 25a. The address decoder 100 asserts gate 
control 110 in response to receiving the nmque , bit address transmitted by the ping 
controller 140. The transistor Ql is normally off and conducts in response to the 
assertion by the gate contro. 110. In the drawing of FIG. 1, each object node 25a, 25b. 
5 25c has a unique address. Therefore, only one of the test circuits 30a, 30b, and 30c is 
activated by the unique address in the bit stream 105. 

DETECTING A CLOSED CONNECTION 
In the situation where connection Jl is closed, the conduction of transistor Ql 
creates a voltage divider between resislors Rl and R5. Approximating the voltage drop 
10 across the drain 145 and source 150 as zero, the voltage a. controller node 15 is given by 
the equation V=V* • R5/(R1 + R5). The voltage a. controller node 15 also appears at the 
inverting input 80 of comparator 75. The non-inverting input 85 baa a reference voltage 
V„ established by the voltage dtvider created by resistors R3 and R4. The reference 
voltage V„ is given by the equation V„,=V* • R4/(R3 + R4), The resistors Rl and R3- 
15 R5 should be chosen such that V_ is greater than the voltage at the inverting input 80 
when transfer Ql is conducting. With non-inverting input 85 a, a higher voltage man 
the inverting input 80, the comparator output 95 will be go high. 

The ping controller 140 then determines that the connection Jl is closed based on 

detecting a high voltage at the output 95. 

DETECTING AN OPEN CONNECTION 
Continuing to look at FIG. 2 assume that connection Jl is open, such as would be 
the case when a connection is broken. Again, the ping controller 140 of me ping source 
' 40 will emit a stream of n bits from the output 65. With connection Jl open, test circuit 
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30 is d,sconnec,ed and unab.e to reeve the stream of bits 105. A. me same rime, other 
« circuits 30 that have 8 ood colons to the network node 15 wil. no. reacr to the hr. 

.sen US -are control 110 in response to the address of another node. Therefore none of 
5 te .ransrsrors Ql will condncr and a,l of me connecred ,e, circurts 30 wii. have a h, g h 
lnput rmpedance. With connection Jl open and .he „.her connec,ed .e, circui* 30 a. a 
M .h impedance, .he voUage a. confer node 15 and inverting input 80 is approx.ma.ely 
equa, .o V*. Voltage ^ appears a, non-inverting inpu. 85. Wi.h .he inverting input 80 
a, a hrgher vouage man .he non-inverting inpu, 85, .he comparator outpu. 95 win go low. 
The ping confer 140 then de,ec<s .he !ow vo.tage a, .he output 95 «o determine 

that connection Jl is open. 

HO. 3(a) and 3(b) show examples of state diagrams of .he address decoder 100. 
nG 3(a) show, a stream of .be . bits that enter .be address decoder ,00 via objec, node 
2 5a The stream of bits may be preceded by a preamble, such as a s<art-of- ft ame .30 
15 (SOP) indication as is known in the art. HO. 3(b) sbows the bebavior of g a.e con.ro, 
HO Norma!., gate con.ro. 110 is a. a ,ow state, .hereby turning off Iransistor Ql. After 
living the stream of n bits .05 ma, match .be unique address of .he address decoder 
100 however, the address decoder 100 asserts the gate control 110. 

nG 4(a) and 4(b) show, by way of example, voltage wavefonns a, the 
20 comparator 75 when a connection, such as II, , under lest and closed. Tbe reference 
voltage V„ wnrch appears at the non-inverting inpu, 85, is represented as a dasbed .me. 
me verocal axis represent volts and me honzonlal axis represents lime. FIG. 4(a) 
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transmitted on the control node 15 the voltage of the inverting input 80 is irrelevant, . 
shown by the cross hatchtng in the voltage waveform. After the n-th bit 125 is 
transmitted, the voltage at the .averting input 80 drops below V„ p until the address 
decoder 100 barns off transistor Ql via the gate control 110. FIG. 4(b) shows .hat while 
5 transistor Ql is turned on the voltage a, the outpu. 95 of the comparator 75 is high. The 
output 95 goes to an indeterminate state when the transistor Ql is turned off a, ttme 155. 

HG. 5(a) and 5(b) show examples of voltages at the comparator 75 when a 
connection is open and under test. Like the waveforms of FIG. 4(a) and 4(b), the vertical 
axis of the graphs in FIG. 5(a) and 5(b) represent voltage and the horizontal axis 
,„ represent time. FIG. 5(a) shows that when a connection, such as II, is open and the n-,h 
bi, 125 has been sen. by the buffer 60, me inverting input 80 la putted up to V by me 
resistor Rl. The non-inverting inpu. 85 mutants at W m as established by R3 and R4. 
With .he voltage at the inverting input 80 a, a higher voltage than V„ the output 95 of 
the comparator will go low as shown in FIG. 5(b). FIG. 5(b) also shows that output 95 
,5 returns .0 an indeterminate state a. time 155 after the ping con.ro.let has sen. the „-,h bit 
and received the low signal from the output 95. 

The invention being thus described, it will be obvious that the same may be varied in 
m any ways. Such variations axe not to be regarded as a departure from the spint and scope 
of the invention, and all such modifications as would be obvious to one skilled in the art are 
20 intended to be included within the scope of the following claims. 
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